Retinitis punctata albescens (RPA) is an autosomal recessive form of retinitis pigmentosa characterized by white dotlike deposits in the fundus, in most cases caused by mutations in RLBP1. OBJECTIVE To study disease progression and visual function in RPA. DESIGN We performed clinical and molecular investigations in patients with RPA at various ages, from November 5, 2003, through June 20, 2012, with no planned patient follow-up.
R etinitis punctata albescens (RPA) is a subtype of autosomal recessive retinitis pigmentosa (RP) featuring characteristic glistening, small white dotlike spots more or less covering the major part of the fundus. In 1910, Lauber 1(p133) proposed that among flecked retinae, RPA, a progressive retinal degeneration, should be distinguished from the "fundus albipunctatus cum hemeralopia," which was stationary. Retinitis punctata albescens was reported as a nonsyndromic retinal degeneration, but it was occasionally found in association with lenticonus, 2 Friedreich ataxia, 3 Senior-Loken syndrome, 4 Bardet-Biedl syndrome, 5 and congenital sensorineural deafness. 6 Therefore, the term RPA may be applied to distinct forms of retinal dystrophies and, as such, appeared to be a descriptive pattern rather than a disease. However, when mutations were discovered in RLBP1, [7] [8] [9] RPA was clearly identified as a particular clinical and genetic entity. Mutations in RLBP1 were also found in 2 geographically restricted areas in clinical forms of RPA, that is, the Bothnia retinal dystrophy 8 and Newfoundland rod-cone dystrophy. 10 Most RPA cases are simplex or multiplex, corresponding to the autosomal recessive inheritance, but the condition has been rarely reported in association with autosomal dominant RP. [11] [12] [13] Retinitis punctata albescens might account for 0.5% of all RP cases or 1% of autosomal recessive and sporadic RP. 14 Assuming that RP prevalence is 1 in 4000 in developed countries, 15 RPA would therefore have an approximate prevalence of 1 in 800 000. Retinitis punctata albescens is considered a rod-cone dystrophy type of RP that typically features early childhoodonset night blindness. The fundus of patients with RPA shows the other signs of RP, including narrowing of the retinal vessels, pigment deposits, and retinal atrophy. Nevertheless, subtle differences are found with the typical RP features. At the middle stage of evolution (approximately before 40 years of age), narrowing of the retinal vessels remains rather moderate compared with RP, and the pallor of the optic disc is absent or mild. 10, 16, 17 In addition, bone spiculelike pigment deposits are rare or even absent. The visual field is usually normal in childhood and adolescence, but in the late teenage years paracentral scotomas may appear, which later enlarge centrally and toward the periphery. Characteristically, large atrophic spots (best seen in autofluorescent funduscopy or fluorescein angiography) appear progressively in the midperipheral retina with few pigment deposits and fewer white punctuations. Macular involvement is frequent, usually as a progressive macular atrophy, but macular cystoid edema can also be found. Dark adaptation is always abnormal and electroretinographic (ERG) recordings are highly depressed, impairing more rod than cone responses. The RLBP1 gene encodes the cellular retinaldehydebinding protein, a key actor of the visual cycle that binds 11-cis-retinol produced by the consecutive action of lecithin retinol acyltransferase (LRAT) and the isomerohydrolase RPE65 in the retinal pigment epithelium. 18, 19 [23] [24] [25] such therapeutic approaches might also benefit patients with RPA. In this study, we examined a large series of patients with RPA and RLBP1 mutations, many of them carrying the recurrent exon 7 through 9 deletion. 26 We show that, although the disease progression is slow, a variable degree of foveal cone death occurs, even at an early stage.
Methods

Patients
We included 11 patients belonging to 7 families, of whom 5 families originated from Morocco (MTP702, MTP1554, MTP1633, MTP1789, and MTP1838) and 2 from France (MTP857 and MTP1254). The study has authorization from the French Ministry of Health for biomedical research in the field of physiology, pathophysiology, epidemiology, and genetics in ophthalmology (11018S). Informed and written consent was obtained for all patients participating in the study. The investigators followed the tenets of the Declaration of Helsinki.
Clinical Investigations
Patients underwent the standard ophthalmologic examination (refractometry, visual acuity, slitlamp examination, applanation tonometry, and funduscopy). Kinetic visual fields were determined with a Goldmann perimeter with targets V-4-e, III-4-e, and I-4-e. Optical coherence tomography (OCT) measurement of the macula was performed using a thirdgeneration OCT system (Stratus model 3000; Carl Zeiss Meditec) with the manufacturer's software (version 3.0). Central foveal thickness (minimal foveal thickness), foveal thickness (ring diameter, 1 mm), and the superior, inferior, temporal, and nasal areas of inner (ring diameter, 3 mm) and outer (ring diameter, 6 mm) rings were measured. Autofluorescence measurements were obtained with a retinal confocal angiograph (Heidelberg Retina Angiograph II; Heidelberg Engineering), and fundus images were obtained. Full-field ERGs were recorded using a Ganzfeld apparatus (Metrovision) with a bipolar contact lens electrode on maximally dilated pupils according to the protocol of the International Society for Clinical Electrophysiology of Vision. 27 Cone mosaic investigation was performed by adaptive optics-based infrared fundus ophthalmoscopy (AOIO) with a retinal camera (RTX-1; Imagine Eyes).
For numerical values, visual acuity was measured with Snellen charts in decimal numbers. Goldmann visual field was quantified by counting the number of subdivisions of the Goldmann grid within the areas of the V-4-e isopter and expressed as a percentage of the normal visual field. Correlations between visual variables (visual acuity, visual field, OCT retinal thickness, and ERG amplitudes) and age were investigated with the Pearson correlation coefficient. Cone number was manually counted on 3 parafoveal spots per eye, each covering 1000 μm 2 , and the mean (SD) cone number per square micrometer was calculated.
Molecular Investigations
Informed consent and blood samples were obtained from the patients. Genomic DNA was extracted from 10-mL peripheral blood samples by a standard salting out procedure 28 
Results
Identification of RLBP1 Mutations in Patients With RPA
The 8 patients from the 5 families from Morocco were all homozygous for the recurrent RLBP1 deletion of exons 7 through 9 ( Figure 1) . The 2 sisters of family MTP857 were compound heterozygous for the recurrent RLBP1 mutation c.700C>T (p.Arg234Trp) encountered in Bothnia dystrophy and a novel mutation c.333T>G in exon 5 (p.Tyr111X). The simplex case of family MTP1254 was compound heterozygous for the same novel mutation (p.Tyr111X) and another novel mutation c.25C>T in exon 4 (p.Arg9Cys) that was absent from 112 control chromosomes ( Figure 1 ).
Clinical Findings in Patients With RPA
Clinical findings are summarized in Table 1 . Mean age at initial examination for this study was 24 (range, 3-39) years. All patients had night blindness. This symptom was the earliest to appear; it was always present in the medical history in 5 of 11 patients and noted to have begun between 2 and 6 years of age in the other 6 patients. Photophobia was present in 7 of 11 patients, and the sense of impaired visual field was only noticed by 2 patients at the adult stage. No specific refractive error was noted because the mean spherical equivalent was +0.11 (range, +3.25 to −5.375) diopters. Visual acuity varied widely from normal (1.2) to counting fingers. None of the patients had cataract. Funduscopy revealed the characteristic white dotlike deposits at the level of the outer retina ( Table 2 ). The deposits were generally dense and distributed more or less evenly over the posterior pole and in the midperiphery (Figure 2A 
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Squares indicate male; circles, female; and plus sign, wild-type allele. Blackened symbols are individuals affected with retinitis punctata albescens. A double horizontal line between the mating pair indicates consanguinity, and black arrows, probands. The patient numbers show the generation in roman numerals and the order in the generation in arabic numbers. The genotype of the tested patients is indicated.
including the macular area but sparing the fovea ( Figure 2C ).
In family MTP1633, all 3 affected siblings showed a similar radial distribution of very dense white dots ( Figure 2A ). Conversely, in family MTP857, the older sister (II-1) had many dots ( Figure 2D ), whereas the younger sister (II-3) had none except for a few in the left eye along the temporal superior vascular arcade ( Figure 2E and F). Fundus autofluorescence showed discrete hypoautofluorescent spots that overlapped only partially with the white dots, suggesting a masking effect of the retinal pigment epithelial autofluorescence ( Figure 2J and K [insets]). In some patients, a slightly heterogeneous increase in autofluorescence was found, but magnification did not re- veal overlap with the white punctuations ( Figure 2L and M [insets]). Pigment deposits were rare ( Figure 2E ) but were encountered more frequently in advanced disease stages in which scallop-shaped peripheral atrophic spots also became visible ( Figure 2I ). The optic disc appeared well preserved in all examined cases, and vascular attenuation was variable. All patients had macular changes on funduscopy, ranging from abnormal foveal reflex ( Figure 2G ) to atrophy ( Figure 2H ), except for patient III-1 in family MTP1554, who was only 4 years of age. None of the patients had macular edema or cystic changes. However, OCT showed that all of them had significantly decreased mean (SD) retinal thickness in the central fovea (122 [23] vs 187 [30] μm in controls), the fovea (147 [19] vs 217 [17] μm), and 3-mm rings in all 4 quadrants (P < .01) (Figure 3) . In addition, the retina was thinner in the fovea and in the 3-than in the 6-mm ring. The third high-reflectance band (HRB) representing the junction between the photoreceptor inner and outer segments was also abnormal in all patients except II-1 in family MTP1254. In 6 of 22 eyes, the third HRB was absent, and of these 5 eyes had the worse visual acuity (<0.05). Three eyes had a third HRB only present in the retrofoveal area, 11 of 22 eyes had a partially distinct HRB, and 2 eyes had an intact HRB (II-1 in family MTP1254).
No correlation was found between visual acuity and age (P = .27) ( Figure 4A ) or between central foveal (P = .20) and foveal (P = .02) thickness with age ( Figure 4B ), but the retinal thickness at the 3-and 6-mm rings significantly decreased with age (P < .01 for both rings and all quadrants), with correlation coefficients at 0.94, 0.90, 0.82, and 0.64 in 
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Early-Onset Foveal Involvement in RPA the 3-mm rings and 0.85, 0.76, 0.78, and 0.79 in the 6-mm rings for the superior, temporal, inferior, and nasal quadrants, respectively. The temporal side was the most affected quadrant ( Figure 4B ). We did not find any correlation between visual acuity and foveal thickness (P = .49).
Goldmann perimetry was performed in 9 of 11 patients (not applicable in the youngest patients) ( Table 3) . These patients retained a mean of 53.6% of the normal visual field (range, 15%-76%; age range, 13-39 years), with little difference between the central 10°(62%) and the field outside the central 10°(52%), indicating that the decrease in visual field occurred more or less simultaneously in the peripheral and central visual fields. Central scotoma was indeed evident in 5 of 9 cases. Central scotoma was associated with macular changes (patient II-7 in family MTP702, II-3 in family MTP857, III-2 and III-3 in family MTP1633, and IV-1 in family MTP1838) and decrease in visual acuity (except for patient III-3 in family MTP1633). We found no correlation between age and visual field (P = .08) ( Figure 4C ). Dark adaptometry was performed in 5 patients (age range, 13-39 years), and the findings were always abnormal, with an absolute threshold at 30 minutes raised 3.0 to 4.5 log U above reference values (mean, 3.8 log U).
Ten of the 11 patients underwent full-field ERG, which revealed decreased a-and b-wave amplitudes for rods and cones, with predominant rod impairment in all 10. Rod response amplitudes were severely decreased, ranging from undetectable to 13 μV, with 19 of 20 eyes below the limit of detection. Mixed rod-cone response amplitudes were similarly decreased, ranging from undetectable to 35 μV, with 12 of 20 eyes below the limit of detection (Table 4) . Cone-specific 30-Hz flickers were delayed and showed less decreased amplitudes, with only 2 eyes from the same patient under the limit of detection, whereas 8 of 11 had at least 10 μV (2 patients had no flickers on ERG). Although the tendency was for 30-Hz flickers to decrease with age, no significant correlation between age and amplitude of 30-Hz flickers was evident (P = .06). Four patients (age range, 13-39 years) underwent 2-hour dark-adapted ERG. They all showed partial recovery of rod and rod-cone response amplitudes at 15% and 25% of the reference value, respectively. The youngest patient in this investigation (age 13 years) showed the best recovery, with 40% of the reference value for rod-cone responses.
Cone mosaic was analyzed with AOIO in parafoveal areas in 4 patients. The mean (SD) cone number (21 000 ]) in the youngest patient (II-1 in family RP1254; age 13 years) was within reference limits ( Figure 5B ), but the cone mosaic was slightly disorganized compared with that of a healthy individual ( Figure 5A) ), respectively. In addition, the cone mosaic was disorganized, with increased cone spacing and empty spaces ( Figure 5C and D) , especially above the elongated structures corresponding to the white dots ( Figure 5E ). Results of AOIO revealed the white dotlike deposits in the parafoveal area as elongated structures with variable orientation ( Figure 5F ) that were absent in the central foveal region ( Figure 5G ) compared with normal eyes ( Figure 5H ). 
Discussion
In this study, 11 patients from 7 families with RPA underwent screening, which revealed biallelic mutations in RLBP1. Two novel RLBP1 mutations were found, raising the number of mutations described for this gene to 13. The Tyr111Stop mutation, located in exon 5, probably causes the activation of the messenger RNA decay mechanism and therefore is a null allele. The Arg9Cys mutation is predicted to be damaging and has never been reported in databases, whereas an Arg9His change has been found in 2 of 12 996 cases of the exome variant server database. All the Moroccan patients carried the same previously described 7.36-kilobase deletion, 26 suggesting that these patients with RPA have inherited the mutated allele from a common ancestor. All patients had RPA, although with some variations. Night blindness was the most prominent symptom and a constant finding, although rare cases have been reported with night blindness appearing in adulthood. 29 In contrast, most patients did not complain of impairment in their peripheral visual field, even at the young adult stage.
Patients had moderate narrowing of the retinal vessels and optic nerve pallor, as well as rare pigment deposits, as are usually observed in RPA. 16, 30 White dotlike deposits are characteristic features of the disease, and patients who had them were selected for RLBP1 screening. However, the presence of the white dotlike deposits could be an inconstant finding, as in the example of the 2 affected sisters from family MTP857, of whom one showed densely distributed deposits bilaterally in the whole fundus, whereas the other had very few deposits in the peripheral retina of only 1 eye. Thus, cases of RPA caused by RLBP1 mutations might be underdiagnosed because of the absence or scarcity of the white dotlike deposits, in particular in children or in patients with late-stage disease. 16 These deposits are assumed to reflect the accumulation of all-trans-retinyl esters in the retinal pigment epithelium because impairment of cellular retinaldehyde-binding protein caused by RLBP1 mutations slows down the process by which all-trans-retinyl esters are isomerized to 11-cis-retinol. 19 These deposits are also encountered in fundus albipunctatus due to RDH5 mutations and in a few cases of retinal dystrophies due to RPE65 mutations, 21 in which the visual cycle is impaired downstream from the retinyl esters. However, the deposits were also recently reported in a c ase patient with LRAT mutations, 22 in which no retinyl esters should be produced, indicating that their composition remains elusive. Retinitis punctata albescens is a subtype of RP because progressive rod and cone cell death occurs with age. Nevertheless, we found that some variables of the disease progression, such as visual acuity, peripheral visual field, and cone ERG, were not correlated with age. This finding could be a result, in part, of relatively wide variations in the severity of the disease and also to the slow disease progression, so that the window of observation from ages 3 to 39 years was not sufficient to reveal a correlation in only 11 patients. The thickness of the macula outside the fovea was decreased, as observed in other forms of RP, 31 and this tended to worsen with age, indicating a slow progression of photoreceptor disorganization and death with time. In contrast, large variations in the foveal thickness were found, independent of age. Foveal thinning could be observed at early stages, as previously reported. 17 Such early foveal thinning has also been reported in patients with RPE65 mutations, in which the same metabolism is impaired. 32 In addition, Rpe65 −/− mice exhibit early cone degeneration. 33 This finding indicates that there is early cone death, and indeed cone mosaic disorganization and decrease in cone numbers were found in the patients of this study. Cone degeneration could be common to visual cycle impairment. Previous studies have found that cone opsins were mislocalized in Rpe65 −/− mice 34, 35 and that this could be restored by 11-cis-retinal 33,36 or 9-cis-retinal 37 supplementation. Therefore, depending on the degree of 11-cis availability, patients with RPA could undergo a variable degree of cone degeneration. In summary, RPA is initially detected as a slowly progressive retinal dystrophy with a variable degree of foveal cone death, even at an early stage. This finding has implications for future treatments. L'Union Nationale des Aveugles et Déficients Visuels. The foundation SOS Rétinite donated the OCT system and the AOIO camera. 
